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COMPUTER-IMPLEMENTED SYSTEM FOR 
GENERATING AUTOMATED TESTS FROM A 

WEB APPLICATION 

TECHNICAL FIELD 

This technology relates to software testing. 

BACKGROUND 

Programs developed in a software development process 
must be tested to determine errors and ensured functionality. 
Test programs are known to be created from code generated 
from a newly developed program. These existing programs 
function only for one programming language, and must be 
run on the same computer as the program that was used to 

develop the new program. 

SUMMARY 

A method for testing software includes creating a software 
program using a software development program that executes 
on a ?rst computer. A source code ?le is generated from the 
software development program by the ?rst computer. The 
source code ?le is transmitted to a second computer. This 
second computer is con?gured to execute a test generation 
program that is independent of the software development 
program. The test generation program is operable without 
coexisting on a computer with the software development 
program. The test generation program analyzes the source 
code to identify test parameters. The test generation program 
is executed to generate a test ?le from the source code ?le. 
A system for generating a test ?le includes ?rst and second 

computers. The ?rst computer is con?gured to create a soft 
ware program using a software development program, and to 
generate a source code ?le from the software development 
program. The second computer is con?gured to receive the 
source code ?le, and to execute a test generation program that 
is independent of the software development program. The test 
generation program is operable without coexisting on a com 
puter with the software development program. The second 
computer is also con?gured to execute the test generation 
program to generate a test ?le from the source code ?le. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of an example computer-imple 
mented system for generating automated tests. 

FIG. 2 is a block diagram of an example environment for a 
computer-implemented system for generating automated 
tests. 

FIG. 3 is a block diagram of a process environment for a 
computer-implemented system for generating automated 
tests. 

FIG. 4 is a ?ow chart of a method for creating a test ?le. 
FIG. 5 is a block diagram of a method for generating a test 

line of code. 
FIG. 6 is a block diagram of another method for generating 

a test ?le. 

FIG. 7 is a representation of an upload screen. 
FIG. 8 is a graphic representation of a method selection 

screen. 

FIG. 9 is a graphic representation of a parameter input 
screen. 

FIG. 10 is a graphic representation of a parameter entry 
screen. 
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2 
FIG. 11 is a graphic representation of a setup code entry 

screen. 

FIG. 12 is a graphic representation of a cleanup code entry 
screen. 

DETAILED DESCRIPTION 

The elements shown in the drawings include examples of 
the structural elements recited in the claims. The illustrated 
elements thus include examples of how a person of ordinary 
skill in the art can make and use the claimed invention. They 
are described here to provide enablement and best mode 
without imposing limitations that are not recited in the claims. 
The system 10 of FIG. 1 is an example of a computer 

implemented system for generating automated tests. In this 
example the system 10 includes a ?rst computer 12 and a 
second computer 16. The ?rst computer 12 is con?gured to 
create source code 14 for a new computer program and to 
execute a test ?le 22 to test the source code 14. The second 
computer 16 is con?gured to analyze the source code 14 to 
identify test parameters 18 and to generate a test ?le 20 that 
tests the source code 14. 
The ?rst and second computers 12 and 16 operate indepen 

dently of each other. However, the computers 12 and 16 are 
con?gured to communicate in some method, preferably over 
one or more networks, such as WANs, LANs, an intranet, the 
Internet, etc. The ?rst computer 12 transfers source code to 
the second computer 16. The second computer 16 then ana 
lyzes the source code to identify parameters to be used in a 
test 18. After identifying the test parameters 18, the second 
computer 16 generates a test ?le 20, and then transfers the test 
?le to the ?rst computer 12. The ?rst computer 12 executes 
the test ?le. 

FIG. 2 is a block diagram of an environment 30 for a 
computer-implemented system for generating automated 
tests. The system provides for software tests to be generated 
automatically by the system, and not by a programmer. The 
environment 30 includes a pro gramming environment 32 and 
a test generation environment 34. Programming tasks, such as 
creating a ?le 36 for testing and executing test code 46, are 
performed in the programming environment 32. Tasks relat 
ing to generating a test ?le, such as extracting methods, 
parameters or variables from a ?le 40 and generating auto 
mated test code 44, are performed within the testing environ 
ment 34. 
A ?le 36 is created for testing within the programming 

environment 32. The ?le 36 may be source code that is gen 
erated by a software development program. Once created, the 
?le 36 created for testing is transferred to the test generation 
environment 34 through an interface, such as a web interface 
38. 
Once the ?le 36 for testing is received by the test generation 

environment 34, methods, parameters, variables and other 
program components are extracted 40. A user can input data 
42 from the extracted components while in the programming 
environment 32. The user may input the data 42 over a web 
interface to the test generation environment 34. Once the user 
input 42 is received, the test generation environment 34 gen 
erates automated test code 44. This test code 44 can then be 
transferred to the programming environment 32 where the 
test code 44 can be executed 46. One way that the test code 44 
can be transferred is by downloading it from the testing envi 
ronment to the pro gramming environment via a web browser 
38. 

FIG. 3 is a block diagram of a process environment for a 
computer-implemented system for generating automated 
tests 50. The example environment 50 contains three pro 
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gramming units 52, 54 and 58. Each of the programming units 
52, 54, and 58 may have a different function in the environ 
ment 50, such as different programming responsibilities or 
different programming systems. Each programming unit 52, 
54 and 58 may also be responsible for programming in dif 
ferent programming languages. For example, the ?rst pro 
gramming unit 52 may create programs in C programming 
language, the second programming unit 54 may create pro 
grams in Java pro gramming language, and the third pro gram 
ming unit 58 may create programs in C++ programming 
language. 
A centralized test unit 56 is also present in the environment. 

The centralized test unit 56 is responsible for developing test 
?les from source code developed in any of the programming 
units 52, 54 and 58. Each of the programming units 52, 54, 
and 58 can have the ability to communicate with the central 
ized test unit 56. The communication may take place over a 
network such as a LAN. The centralized test unit 56 is setup 
in such a way that it represents the server in a server client 
system, and each of the programming units 52, 54 and 58 
contain clients that can access the centralized test unit 56. 

The ?rst programming unit 52 develops software code 
using programming system 1. The ?rst programming unit 52 
develops a source code ?le that can be transferred to the 
centralized test unit 56 Preferably, the ?rst pro gramming unit 
52 transfers the source code ?le by uploading the source code 
?le via a web browser to the server in the centralized test unit 
56. The centralized test unit 56 creates an automated test ?le 
60 based on user input for execution. The test ?le 60 is 
transferred back to the ?rst programming unit 52 where it is 
executed. Preferably, the test ?le 60 is transferred by down 
loading it from a web browser. The second programming unit 
54 and the third programming unit 58 operate in a similar 
method described here in conjunction with the ?rst program 
ming unit 52. 

FIG. 4 is a ?ow chart of a method for creating a test ?le 70. 
It should be understood that similar to the other processing 
?ows described herein, one or more of the steps and the order 
in the ?ow chart may be altered, deleted, modi?ed and/or 
augmented and still achieve the desired outcome. The method 
starts at step 72.At step 74, a class choice form is displayed to 
the user. Next, at step 76, the user transfers a ?le to the system. 
The ?le can be a source code ?le generated from a program, 
and can be uploaded to the system through the class choice 
form. Alternatively, the ?le can be transferred from network 
locations rather than directly from the programming unit. In 
step 78, a method choice form is displayed to the user. The 
method choice form allows the user to select the method for 
which a test is to be generated. In step 80, the system receives 
data for the method. The user can enter the required param 
eters for the method chosen in step 80. 

In step 82, it is determined whether another test should be 
created. If so, the method returns to step 78 and the method 
choice form is once again displayed. If another test should not 
be created then the method proceeds to step 84 where a setup 
form is displayed. The setup form accepts code entered by a 
user to be executed in the test ?le before the automatically 
generated test code. Next, in step 86, a teardown form is 
displayed. The teardown form accepts code entered by a user 
to be executed in the test ?le after the automatically generated 
test code. In step 88, and test ?le is generated, and the method 
ends at step 90. 

The block diagram shown in FIG. 5 is of a method for 
generating a test line of code 100. In step 102, the system 
prompts a user to choose either a method or a variable from a 

source code ?le. If a variable is chosen, then a compare edit 
box is generated at step 104. If a method is chosen, then 
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4 
parameter edit boxes are generated at step 106. If the method 
is a void method or if a compare edit box is displayed for 
variables, then at step 108, options are displayed to get user 
input. If the method is a return method, then an assert action 
list and compare value edit box is displayed at step 110. User 
input is received at step 108 from any of the generated edit 
boxes. Finally, at step 112, a test line of code is generated. 

FIG. 6 is a block diagram of a method 120 for generating a 
test ?le. The method begins at step 122 where a method 
choice form is displayed. In step 124, the user selects either a 
method or a variable in the program that will be tested. The 
method then moves to step 126 where the program will deter 
mine whether a variable or a method was selected in step 124. 

If it was a method, then parameter editboxes are generated in 
step 128. However, if a variable was selected in step 124, then 
a value editbox will be generated in step 130. 
The method next moves to step 132, where a user will input 

either parameters into the parameter editboxes or values into 
the value editbox. Once all of the parameters or values have 
been entered, code is generated in step 134. 

Next, it is determined whether a new line of code (new 
assertion statement) should be added in step 136. If a new line 
of code (new assertion statement) should be added, then the 
method returns to step 122. If no new line of code should be 
added, then the method moves to step 138 where it is deter 
mined whether or not a new test should be generated. If a new 

test should be generated, then the method moves to step 140 
where a new test method is started, and back to step 122. 

If no new test should be generated, then the method moves 
to step 142 where it is determined whether this particular test 
?le is ?nished. If it is not ?nished, the method returns to step 
136. If the test ?le is ?nished, then the method proceeds to 
step 144, where the setup form is displayed, and ?nally to step 
146, where the teardown form is displayed. 

FIGS. 7-12 are representations of screens associated with 
the computer-implemented system for generating automated 
tests from a web application. FIG. 7 is a graphic representa 
tion of an upload screen 150. The Upload screen includes a 
text box 152, a Browse button 154 and an Upload ?le button 
156. 
When a user clicks the Browse button 154, the system gives 

them a screen from which they can select source code that was 
previously generated. The name of the ?le selected by the user 
is then displayed in the text box 152. In this example, the ?le 
path and name is displayed as C:\src\Calc.j ava 158. The con 
tents of the Calc.java source code for the example illustrated 
by FIGS. 7-12 are: 

public class Calc{ 
public int add(int nurn 1, int nuIn2) { 

return numl +nurn2; 

public int subtract(int nurnl , int nuIn2) { 
return numl —nurn2; 

public int multiply(int numl, int num2) { 
return num1*num2; 

public int divide(int numerator, int denominator) { 
return numerator/denominator; 

When the ?le name 158 is displayed in the text box 152, the 
user can then click the upload ?le button 156. The upload ?le 
button 156 will cause the ?le associated with the ?lename 158 
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to be uploaded from the computer the user is currently work 
ing on to the computer that runs the system that will generate 
the test ?le. 

FIG. 8 is a graphic representation of a method selection 
screen 160. The method selection screen 160 can include a 

dropdown box 162 and a select button 164. The dropdown 
box 162 lists the methods and variables extracted from the 
source code ?le that was uploaded by the user from the upload 
?le screen shown in FIG. 7. In this example, the dropdown 
box 162 is displaying the four methods “add,” “subtract,” 
“multiply” and “divide.” A user can select a method from the 
dropdown box 162, and then can click the select button 164. 
The select button 164 sends the selection to the system, which 
generates a screen similar to the representation in FIG. 9. 

FIG. 9 is a graphic representation of a parameter input 
screen 170. The parameter input screen 170 includes a drop 
down box 172, two parameter entry text boxes 174 and 176, 
an expected return value text box 178, an add another line 
button 180, a start a new test button 182 and a ?nish button 
184. 
The dropdown box 172 includes a listing of the methods 

that were extracted from the source code. The system will 
generate lines of code to test the method shown in the drop 
down box 172. The text boxes 174, 176 and 178 are generated 
from the method selected from the dropdown box 172. The 
unique parameter labels extracted from the source code for 
the selected method are displayed as labels for the text boxes 
174 and 176. In this example, the two parameters for the 
“add” method are num1 186 and num2 188. The user can 
enter values to test the “ad ” method in text boxes 174 and 
17 6. 
A user enters the value expected when the method is tested 

in the expected return value text box 178. The add another line 
button 180 generates another line similar to the one shown in 
FIG. 9. A new method can be chosen and new parameters 
entered for additional lines of test code within a single test 
method. The start a new test button 182 will start a new test 
method. The ?nish button 184 is pressed when parameters are 
selected for all desired methods. 

FIG. 10 is a graphic representation of a parameter entry 
screen 190. This representation is the result of adding a total 
of 8 method entries to the screen of FIG. 9. In this represen 
tation, there are two entries for one test of the “add” method 
192, two entries for one test of the “subtract” method 194, two 
entries for one test of the “multiply” method 196, and two 
entries for one test of the “divide” method 198. More than one 
test for a single method is generated with the “add another 
line” button. 

FIG. 11 is a graphic representation of a setup code entry 
screen 200. The setup code entry screen includes a text box 
206 and a ?nish button 202. The setup code entry screen 200 
is provided for a user to enter code 204 that will be run before 
the test code that is automatically generated by the system. In 
this example, the entered code is: 

System.out.printIn(“Test Started”); 
Any additional code can be added. Particularly, a user can add 
setup code that is unique to a particular programming lan 
guage. When the user has completed entering the setup code 
204, pressing the ?nish button 202 will indicate to the system 
that they are ?nished. 

FIG. 12 is a graphic representation of a cleanup code entry 
screen 210. The cleanup code entry screen 210 includes a text 
box 212 and a ?nish button 214. The cleanup code entry 
screen 210 is provided for a user to enter code 216 that will be 
run after the test code that is automatically generated by the 
system. In this example, the entered code is: 

System.out.printin(“Test Completed\n”); 
Any additional code can be added. Particularly, a user can add 
setup code that is unique to a particular programming lan 
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6 
guage. When the user has completed entering the cleanup 
code 216, pressing the ?nish button 214 will indicate to the 
system that they are ?nished. 

After the cleanup code is entered, the system generates a 
test ?le based on the selections and entries made by the user. 
In the example shown above, the following code is generated: 

import junit.fralnework.TestCase; 
public class TestCalc extends TestCase { 

private Calc myCalc; 
public void setUp( ){ 

myCalc=new Calc( ); 
System.out.printIn(“\nTest Started”); 

public void tearDown( ){ 
System.out.printIn(“Test Completed\n”); 

public void testAdd( ){ 
assertEquals(2,rnyCalc.add(l ,l)); 
assertEquals(572,myCalc.add(400,l72)); 

public void testSubtract( ){ 
assertEquals(l,myCalc.subtract(89075234,89075233)); 
assertEquals(872, myCalc.subtract(879,7)); 

public void testMultiply( ){ 
assertEquals(34, myCalc.rnultiply(l7,2)); 
assertEquals(80, myCalc.rnultiply(20,4)); 

} 
public void testDivide( ){ 

assertEquals(8,myCalc.divide(80,l0)); 
assertEquals(2,myCalc.divide(4,2)); 

} 
} 

In this code, the “assertEquals” method is used to test the 
selected methods with the parameters entered in the screens 
discussed above. For example, for the line of code “assertE 
quals(2,myCalc.add(l,l)),” the 2 is the expected return value, 
the “myCalc.add” is the method in the source code ?le that is 
to be tested, and the “l” and “l” are the two entered param 
eters to be added by the method. 
Once the code above is generated, it can be downloaded by 

a user onto a client, and run using testing software that is 
traditionally used to test ?les of this sort. 

This written description sets forth the best mode of carry 
ing out the invention, and describes the invention to enable a 
person of ordinary skill in the art to make and use the inven 
tion, by presenting examples of the elements recited in the 
claims. The patentable scope of the invention is de?ned by the 
claims and may include other examples that occur to those 
skilled in the art. Such other examples, which may be avail 
able either before or after the application ?ling date, are 
intended to be within the scope of the claims if they have 
elements that do not differ from the literal language of the 
claims, or if they have equivalent elements with insubstantial 
differences from the literal language of the claims. 

It is further noted that the systems and methods described 
herein may be implemented on various types of computer 
architectures, such as for example on a single general purpose 
computer or workstation, or on a networked system, or in a 
client-server con?guration, or in an application service pro 
vider con?guration. 

Additionally, the methods and systems described herein 
may be implemented on many different types of processing 
devices by program code comprising program instructions 
that are executable by the device processing subsystem. The 
software program instructions may include source code, 
object code, machine code, or any other stored data that is 
operable to cause a processing system to perform methods 
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described herein. Other implementations may also be used, 
however, such as ?rmware or even appropriately designed 
hardware con?gured to carry out the methods and systems 
described herein. 

The systems’ and methods’ data (e.g., associations, map 
pings, etc.) may be stored and implemented in one or more 
different types of computer-implemented ways, such as dif 
ferent types of storage devices and programming constructs 
(e. g., data stores, RAM, ROM, Flash memory, ?at ?les, data 
bases, programming data structures, programming variables, 
lF-THEN (or similar type) statement constructs, etc.). It is 
noted that data structures describe formats for use in organiZ 
ing and storing data in databases, programs, memory, or other 
computer-readable media for use by a computer program. 

The systems and methods may be provided on many dif 
ferent types of computer-readable media including computer 
storage mechanisms (e. g., CD-ROM, diskette, RAM, ?ash 
memory, computer’ s hard drive, etc.) that contain instructions 
for use in execution by a processor to perform the methods’ 
operations and implement the systems described herein. 

The computer components, software modules, functions, 
data stores and data structures described herein may be con 
nected directly or indirectly to each other in order to allow the 
?ow of data needed for their operations. It is also noted that a 
module or processor includes but is not limited to a unit of 
code that performs a software operation, and can be imple 
mented for example as a subroutine unit of code, or as a 
software function unit of code, or as an object (as in an 
object-oriented paradigm), or as an applet, or in a computer 
script language, or as another type of computer code. The 
software components and/or functionality may be located on 
a single computer or distributed across multiple computers 
depending upon the situation at hand. 
What is claimed is: 
1. A method for testing software, comprising: 
creating a software program using a software development 
program that is executed on a ?rst computer; 

generating a source code ?le from the created software 
program, the source code ?le being generated by the ?rst 
computer; 

transmitting the source code ?le to a second computer that 
is con?gured to execute a test generation program that is 
independent of the software development program, 
wherein the test generation program is operable without 
coexisting on a computer with the software development 
program, and wherein the test generation program is 
con?gured to generate test ?les from source code written 
in each of a plurality of different programming lan 
guages, generating a test ?le from the source code com 
prising: 
automatically extracting a method from the source code 

?le, wherein the method returns a return value; 
automatically analyZing the extracted method to identify 

variables from the extracted method; 
receiving test values for the identi?ed variables from the 

extracted method; 
receiving an expected return value for the method; and 
generating a test ?le that commands execution of the 
method using the test values and reports whether the 
return value of the method matches the expected 
return value; 

executing the test generation program to generate a test ?le 
from the source code ?le. 

2. The method of claim 1, further comprising: 
receiving the test ?le with the ?rst computer; and 
executing the test ?le with the software development pro 

gram. 
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3. The method of claim 2, wherein the steps of creating a 

software program and generating a source code ?le are per 
formed by a programming unit con?gured to write and 
execute programming code, and the steps of receiving the test 
?le and executing the test ?le are performed by a testing unit 
con?gured to generate test cases via the code by the program 
ming unit. 

4. The method of claim 1, wherein the testing unit runs the 
test generation program with user provided input from a web 
browser. 

5. The method of claim 1 further comprising the steps of: 
receiving setup code and teardown code by the second 

computer; and 
including the setup code and the teardown code in the test 

?le generated from the source code ?le. 
6. A method for testing in a software development environ 

ment that includes a programming environment for develop 
ing a software program using a software development plat 
form and a test generation environment for testing software 
programs using a software testing platform, comprising: 

creating a software program using the software develop 
ment platform that executes on a ?rst computer; 

generating a source code ?le from the software program for 
testing, the source code ?le generated by the software 
development platform that executes on the ?rst com 
puter; 

receiving the source code ?le with a second computer, the 
second computer executing a software testing platform 
that is independent of the software development plat 
form, wherein the software testing platform is operable 
without coexisting with the software development plat 
form, and wherein the test generation program is con 
?gured to generate test ?les from source code written in 
each of a plurality of different programming languages, 
generating a test ?le from the source code comprising: 
automatically extracting a method from the source code 

?le, wherein the method returns a return value; 
automatically analyZing the extracted method to identify 

variables from the extracted method; 
receiving test values for the identi?ed variables from the 

extracted method; 
receiving an expected return value for the method; and 
generating a test ?le that commands execution of the 
method using the test values and reports whether the 
return value of the method matches the expected 
return value; 

using the software testing platform to generate a test ?le 
from the source code ?le. 

7. A system for testing software, comprising: 
a ?rst computer con?gured to create a software program 

using a software development program, and to generate 
a source code ?le from the software program for testing; 

a second computer con?gured to receive the source code 
?le, to execute a test generation program independent of 
the software development program, wherein the test 
generation program is operable without coexisting on a 
computer with the software development program and 
wherein the test generation program is con?gured to 
generate test ?les from source code written in each of a 
plurality of different programming languages, and to 
execute the test generation program to generate a test ?le 
from the source code ?le, generating a test ?le from the 
source code comprising: 
automatically extracting a method from the source code 

?le, wherein the method returns a return value; 
automatically analyZing the extracted method to identify 

variables from the extracted method; 
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receiving test values for the identi?ed variables from the 
extracted method, 

receiving an expected return value for the method; and 
generating a test ?le that commands execution of the 
method using the test values and reports whether the 
return value of the method matches the expected 
return value. 

8. The system of claim 7, wherein the second computer is 
accessed using a web interface. 

9. A method for testing a software program created using a 
software development program that is executed on a ?rst 
computer where the ?rst computer generates a source code 
?le from the created software program, comprising: 

receiving the source code ?le at a second computer that is 
con?gured to execute a test generation program that is 
independent of the software development program, 
wherein the test generation program is operable without 
coexisting on a computer with the software development 
program, and wherein the test generation program is 

10 
con?gured to generate test ?les from source code written 
in each of a plurality of different pro gramming lan 
guages, generating a test ?le from the source code com 
prising: 
automatically extracting a method from the source code 

?le, wherein the method returns a return value; 
automatically analyZing the extracted method to identify 

variables from the extracted method; 
receiving test values for the identi?ed variables from the 

extracted method; 
receiving an expected return value for the method; and 
generating a test ?le that commands execution of the 
method using the test values and reports whether the 
return value of the method matches the expected 
return value; 

executing the test generation program to generate a test ?le 
from the source code ?le. 
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